1.. Introduction {#S1}
================

High levels of sex hormones in early adolescents are linked to early puberty, which itself is a predictor of sexual initiation, early childbearing, and teen pregnancy \[[@R1]\]. The significance of early puberty and early sexual initiation is very high because it is linked to teen pregnancy \[[@R1]\]. As such, an understanding of the social patterning of baseline status, as well as the growth of sex hormones in adolescents, is essential because it may expose the adolescents to an increased risk of early parenting and early childbearing, which are known risk factors contributing to poor health and a lack of economic wellbeing \[[@R2]\]. As such, any epidemiological studies on sex hormones can inform us about the social patterning of sexual initiation, which may help us prevent inequalities in early pregnancy \[[@R3]\] and associated consequences \[[@R1],[@R4],[@R5]\].

Prevention of early sexual initiation would reduce maternal mortality \[[@R6]\], perinatal depression \[[@R7]\], and poor parenting \[[@R5],[@R8],[@R9]\], as well as unstable interpersonal relationships \[[@R5],[@R8],[@R9]\]. As there are several undesired consequences of early sexual initiation \[[@R10],[@R11]\], and given that information may be helpful to prevent teen pregnancy through delaying sex \[[@R11],[@R12]\], there is a need to conduct more studies on the socioeconomic precursors of two important correlates of early sexual initiation and sex hormones \[[@R13]\].

In the United States, race and SES are major correlates of sexual initiation, early childbearing, and teen pregnancy \[[@R14],[@R15]\]. In the US, relative to their White counterparts, Black adolescents are at an increased risk of early puberty, sexual initiation, and teen pregnancy \[[@R14],[@R15]\]. At the same time, early puberty and teen pregnancy are more common in sections of society dealing with socioeconomic disadvantage \[[@R16]\]. Early puberty and teen pregnancy also operate as a barrier against upward social mobility \[[@R17],[@R18]\]. As such, low SES is both a precursor and a consequence of early puberty, sexual initiation, and childbearing \[[@R5],[@R19]\]. Teen pregnancy, partially rooted in early puberty, combined with a lack of resources in neighborhoods, can become a recipe for what is known as a poverty trap \[[@R18],[@R20]\] and a loss of the ability to move up from the low to the middle class (upward social mobility) \[[@R17],[@R18]\]. While early pregnancy is detrimental to both males and females, the adverse effects of teen pregnancy as a barrier against upward social mobility is more pronounced for girls than boys \[[@R16]\]. In other terms, early puberty, and associated sexual and reproductive behaviors may be a mechanism by which low SES and poverty are repeated across generations \[[@R17],[@R18]\].

Recent studies have shown that although there are associations between SES (poverty) and early sexual initiation and age of childbirth \[[@R16]\], this social patterning may be more relevant to Whites than Blacks. This may be because the gain in postponing sexual initiation may be more diminished for Blacks than for Whites \[[@R21]\]. In other terms, Black individuals may be at risk of early childbearing and teen pregnancy regardless of their SES, while for White females, as SES increases, their childbearing is delayed \[[@R16]\]. This may also be why parental education generates more upward social mobility for White than for Black adolescents \[[@R22],[@R23]\].

As race and SES overlap \[[@R24]\], there is a need to conduct studies that investigate the joint effects of race and SES on determinants of sex hormones \[[@R21],[@R25]\], as precursors of early childbearing \[[@R26]\]. In theory, SES may partially explain some of the inequalities between Whites and Blacks in the United States. Some research has also listed that early puberty, sexual initiation, and pregnancy may be one of the mechanisms that form a poverty trap for Black women \[[@R20],[@R27],[@R28]\]. Females will face additional difficulties in climbing the social ladder and moving from a low- to a middle-class status if they engage in early sexual initiation \[[@R29],[@R30]\]. This is mainly because women would need to spend considerable time and energy on maternity rather than their own social mobility \[[@R29],[@R30]\]. Thus, understanding how race and SES jointly shape social inequalities in early puberty, sexual initiation and teen pregnancy remain essential as a strategic goal \[[@R31],[@R32],[@R33]\]. Other than a few numbers \[[@R21],[@R25]\], we are not aware of any other studies on the combined effects of race and SES on sex hormones, predicting both sexual initiation and early pregnancy. Thus, there is a need to conduct more studies that explore the additive effects of race and SES on adolescents' sex hormones as a correlate of early puberty, sexual initiation, and teen pregnancy in the US.

Objectives {#S2}
----------

The present study explored the social patterning of sex hormones in male and female American adolescents. We studied how SES indicators, namely parental education, financial difficulties, marital status, and race, correlate with sex hormones (testosterone for males and estradiol for females) in adolescents. In this study, we conceptualized sex hormones as strong predictors of early sexual maturation, sexual debut, and early childbearing for male and female adolescents \[[@R1],[@R20],[@R34],[@R35],[@R36]\]. We used a national sample of male and female White and Black adolescents who had participated in the Adolescent Brain Cognitive Development (ABCD) \[[@R37],[@R38],[@R39],[@R40],[@R41],[@R42],[@R43],[@R44],[@R45]\].

2.. Materials and Methods {#S3}
=========================

2.1.. Design and Settings {#S4}
-------------------------

This is a secondary analysis of the ABCD study. We performed a cross-sectional analysis of the ABCD data. ABCD is a national, state-of-the-art brain imaging study of adolescents' brain development \[[@R37],[@R38],[@R39],[@R40],[@R41],[@R42],[@R43],[@R44],[@R45]\].

2.2.. Advantage of the ABCD Study {#S5}
---------------------------------

Among the main advantages of the ABCD data set are (1) a national sample, (2) a large sample size, (3) a large sample of Blacks, (4) a multiple robust measures of brain measures, (5) a wide range of behavioral measures, and (6) considerable socioeconomic and environmental and psychological variables \[[@R37],[@R38],[@R39],[@R40],[@R41],[@R42],[@R43],[@R44],[@R45]\]. This study included 717 male and 576 female adolescents who were all non-Hispanic and were either Black or White.

2.3.. Study Variables {#S6}
---------------------

### 2.3.1.. Dependent Variables {#S7}

#### Sex Hormones. {#S8}

Salimetric hormone tests were performed for estradiol (females) and testosterone (males). These variables were presented as mean of measures (pg/mL) and were treated as continuous measures.

### 2.3.2.. Independent Variables {#S9}

#### Race. {#S10}

In the ABCD study, race was measured as self-identified. Race in the current study was a dichotomous variable (Blacks = 1, Whites = 0).

#### Age. {#S11}

Parents reported the age of adolescents. Age was a continuous variable, measured in months.

#### Family marital status. {#S12}

Family marital status, a dichotomous variable, was self-reported by the interviewed parent.

#### Parental Educational Attainment. {#S13}

Participants were asked, "What is the highest grade or level of school you have completed or the highest degree you have received?" Responses were 0 for any of the following answers: Never attended/Kindergarten only; 1st--12th grade, and 1 for high school graduate; GED or equivalent Diploma; some college education; and any college degree. This variable was treated as a continuous measure with 1, indicating the lowest and 21 indicating the highest educational attainment.

#### Financial Stress. {#S14}

Financial difficulties were measured using the following seven items. Participants were asked "In the past 12 months, has there been a time when you and your immediate family experienced any of the following:" (1) "Needed food but couldn't afford to buy it or couldn't afford to go out to get it?", (2) "Were without telephone service because you could not afford it?" (3) "Didn't pay the full amount of the rent or mortgage because you could not afford it?", (4) "Were evicted from your home for not paying the rent or mortgage?", (5) "Had services turned off by the gas or electric company, or the oil company wouldn't deliver oil because payments were not made?", (6) "Had someone who needed to see a doctor or go to the hospital but didn't go because you could not afford it?" and (7) "Had someone who needed a dentist but couldn't go because you could not afford it?". Responses to each item was 0 or 1. We calculated a mean score (a continuous measure), which ranged between 0 and 1, with higher scores indicating higher levels of financial stress. Financial stress is an accepted SES indicator, as it reflects some aspects of the SES which are not captured by objective SES indicators such as education, income, and employment \[[@R46],[@R47],[@R48],[@R49],[@R50],[@R51],[@R52]\]. Financial stress and other aspects of subjective SES are shown to have some health effects that are not seen by objective SES indicators \[[@R46],[@R48],[@R49],[@R53],[@R54],[@R55]\].

### 2.3.3.. Moderator {#S15}

#### Sex. {#S16}

Sex was a dichotomous variable. This variable was not included as a variable to the models. Instead, we ran sex-stratified models.

2.4.. Data Analysis {#S17}
-------------------

SPSS 22.0 statistical package was used to perform our data analysis. Frequency (%) and mean (standard deviation; SD) of our variables were reported for the description of the data. To perform our multivariable analyses, we performed two linear regressions, one for males with testosterone as the outcome, and one for females with estradiol as the outcome. As the first step, we tested the normal distribution of our outcome. We also tested the random distribution of errors for our linear regression model. We also ruled out collinearity between our predictors. The dependent variable was a sex hormone, and independent variables were race, age, family marital status, parental education, and financial difficulties. Our first model only included age and race. Then we controlled for SES indicators. This approach could inform us if racial variation in sex hormones is due to an SES gap between Black and White adolescents. As models were run specific to sex, sex was not included in the models (sex was used to determine the strata). We did not run logistic regression for several reasons. First, our SES indicators, such as parental education and financial distress, were continuous measures. Our outcomes were also continuous measures without any known threshold that can be applied. Besides, most of the existing literature on the determinants of sex hormones have applied linear regression models to model the variation in the outcome \[[@R56],[@R57],[@R58],[@R59],[@R60]\]. The decision to use linear regression was also based on the fact that \[[@R61],[@R62],[@R63]\] mediational models are easier to operationalize when the mediators and the outcomes are continuous measures. Unstandardized regression coefficient (b), SE, 95% Confidence Interval (CI), and *p*-value are reported.

2.5.. Ethical Aspect {#S18}
--------------------

The ABCD study protocol is approved by the University of California, San Diego (UCSD) Institutional Review Board (IRB). All adolescent participants gave assent. Parents signed informed consent. More detailed information on the ABCD study ethics is available elsewhere \[[@R55]\]. As we used fully de-identified data, our study was non-human subject research. Thus, it was exempted from a full review.

3.. Results {#S19}
===========

The current analysis was performed on 717 male 576 female nine to ten years old adolescents who were either non-Hispanic White (75.7% for males and 70.0% for females) or non-Hispanic Black (24.3% for males and 30.0% for females). [Table 1](#T1){ref-type="table"} presents descriptive statistics of the pooled sample.

[Table 2](#T2){ref-type="table"} indicates the findings of two linear regression models in males with testosterone as the dependent variable. Model 1 showed that race (b = 0.16, *p* \< 0.001) and age (b = 0.13, *p* = 0.001) are associated with testosterone levels, when SES is not controlled. However, when SES is controlled, race was only marginally associated with higher testosterone (b = 0.08, *p* = 0.067). In this model, financial strain was associated with an increased, and parental education was associated with a reduced, testosterone level.

[Table 3](#T3){ref-type="table"} indicates the findings of two linear regression models in females with estradiol as the dependent variable. The first model showed that age (b = 0.15, *p* \< 0.001) and race (b = 0.16, *p* \< 0.001) were associated with estradiol levels. The second model shows that race (b = 0.18, *p* \< 0.001) remains associated with higher estradiol when SES is controlled. Besides, age, financial strain, and parental education were associated with estradiol levels. Financial strain was associated with increased, and parenteral education was associated with reduced, estradiol.

4.. Discussion {#S20}
==============

In a national sample of 9--10-year-old American adolescents, race and SES (parental education and financial stress) were associated with the testosterone of male and the estradiol of female adolescents. Neither in males nor in females was having married parents associated with sex hormones. At least for testosterone, some of the effects of race on sex hormones was due to SES. SES, however, did not explain racial differences in the estradiol levels of female adolescents.

Studies have shown that high SES delays the timing of puberty \[[@R20],[@R27],[@R28],[@R34],[@R35],[@R36],[@R64]\]. More specifically, having highly educated parents may delay the timing of puberty \[[@R25]\]. We found that high SES measured as parental education and low financial difficulties are associated with lower levels of sex hormones in American adolescents, effects that are independent of the effect of race. This means that sex hormones are associated with race and SES, however, in a complicated way. It means that the role of race and SES on shaping sex hormones depends on sex (sex hormone), and SES indicators. Moreover, marital status of the family did not correlate with testosterone or estradiol, while financial difficulties and parental education did correlate with testosterone and estradiol.

These results are of interest because they inform us about why and how SES and race correlate with early puberty, sexual maturation, sexual activity, and early pregnancy. These all may tend to be more common and earlier for low SES and Black adolescents, thus parental education and financial distress may enable us to help high-risk kids to delay their pregnancy risk. In our study, marital status may not correlate with sex hormones.

The results are also relevant to the literature that suggests that girls' education has a major effect on improving the SES, and an increase in the age of delivery of a first child would have a large effect on the upward social mobility of girls \[[@R20],[@R27],[@R34],[@R65]\]. Brookings Institution has listed delay in pregnancy to adulthood, education, and employment as the three necessary activities for upward social mobility \[[@R17],[@R18]\]. Educational campaigns and sex education programs that educate male and female youth may contribute to their social mobility by preventing teen pregnancy \[[@R66],[@R67]\].

As race and SES have additive effects, Black adolescents from a lower SES background may experience two types of jeopardies. For Whites, delayed puberty provides an opportunity for upward social mobility. For Black and low SES adolescents, however, the risk of early pregnancy may be high because their sex hormones are high. Given that early sexual maturation and puberty are close correlates of early sexual risk-taking, sexual initiation, and childbearing, programs and interventions should help low SES and Black communities abstain or practice safe sex that does not result in teen pregnancy. Youths who are Black or from a low SES background are more likely to live in urban communities affected by structural inequalities, limited resources, and blocked opportunities. In these neighborhoods, scarcity of resources is associated with dense crime and poverty, as well as with high levels of stress, environmental toxins, and risk \[[@R68],[@R69],[@R70],[@R71],[@R72],[@R73],[@R74],[@R75],[@R76],[@R77],[@R78]\]. As a proxy of experiencing such disadvantages, and as a proxy of living in such contexts, SES and race \[[@R32]\] show an association with the timing of puberty, sexual initiation, and childbearing \[[@R16],[@R21]\]. However, more research is needed to support this position.

4.1.. Implications {#S21}
------------------

These results may have implications for clinical practice or even policy and public health, particularly for sex education. It is essential to design, implement, and evaluate interventions and programs that increase sexual literacy and reduce sexual risk and associated early pregnancy for low SES and Black adolescents. There is a need for multilevel public and economic policy solutions that may help adolescents make informed sexual decisions, to abstain from sex, delay sex, or have protected sex, so they can avoid early pregnancy. As a result of these programs, adolescents can focus on their education and upward social mobility, without being distracted by teen pregnancy, which means they should take responsibility for the upbringing of another child while themselves are still children. It is important to notice that these interventions are needed everywhere. However, they may be of particular importance in low SES and Black communities. Addressing health inequalities should go beyond equalizing SES. Similarly, there is a need to reduce teen pregnancies in the lives of minorities. Such efforts may be a major part of the efforts to promote equality across racial and ethnic groups. To remove the persistence of racial and economic health disparities in the US, policies should directly target the social stratification, racism, segregation, and discrimination. Such multilevel interventions should jointly consider race and SES as these social determinants shape distribution of risk in the US.

Our study was on sex hormones, which are correlates of puberty, sexual initiation, and early pregnancy in adolescents. Gathering more epidemiological data on early sex and teen pregnancy is one reason we conducted this study on sex hormones, which are correlated with early puberty and associated sexual risk \[[@R79],[@R80],[@R81]\]. As early puberty results in early sexual initiation and teen pregnancy \[[@R82]\], it becomes a risk factor for a wide range of outcomes such as low income, welfare dependency, fewer job opportunities, and low living standards \[[@R83]\]. To get involved in early parenting, adolescents would be required to leave their education or job and spend time on maternity and parenting \[[@R84]\]. As a result, many young individuals who become parents as a child may experience a gap in their participation in the education and labor market \[[@R84]\]. They may also experience additional difficulties with marriage and intimate relations with their own parents \[[@R8]\]. As a result of early pregnancy, women may experience higher levels of stress, interpersonal conflict, and interruption in their work. All these factors may reduce the economic return for mothers, particularly teen moms \[[@R85]\]. They may also have fewer opportunities when they return to the labor market. The labor market may also return their effort with lower pay. They may also be faced with various levels of adversities, constraints, and frictions in their search for upward educational and occupational mobility \[[@R84]\]. As a result, teenage moms face additional barriers against their upward social mobility, at least for several years, which has considerable implications on their economic and human development as well as their financial wellbeing \[[@R83]\].

4.2.. Future Research {#S22}
---------------------

We should study the potential causative pathways that may explain why race and SES are linked to sex hormones. It is quite likely that stress (due to lower SES) \[[@R86]\], poor diet \[[@R87]\], lack of an intellectually stimulating environment \[[@R88]\], and even toxins increase the level of sexual hormones. It is important to test the mediational effects of these factors. There is also a need to address whether social security can undo these paths. Various SES indicators such as parental educational attainment and poverty status may have differential effects on sex hormones of boys and girls. As SES impacts sex hormones, which in turn influences adolescents' engagement in sexual activity, there is a need to study how reproduction operates as a barrier against upward social mobility for boys and girls from low SES families. This means that there is a need to study whether diminished returns of family SES also reduce the chance of boys' and girls' success through increasing their chance of investing in their upward social mobility and building human capital without getting involved in teen pregnancy.

4.3.. Limitations {#S23}
-----------------

This study has several limitations. First, the association reported here is not causal. The association between race, SES, and sex hormones may be confounded by many unmeasured factors not included in this study. We also did not study the timing of puberty and childbearing. Genetics, nutrition, behaviors such as sleep, exercise, physical activity, and many other factors may influence sex hormones. This study measured some but not all SES indicators. We also did not have twin data that match in some environmental factors and even genetic and biological factors. Repeated measures and trajectories of SES and sex hormones may provide more detailed information than a cross-sectional snapshot of the link between SES and sex hormones. Structural factors such as racial and ethnic composition, the density of resources, concentration of poverty, and environmental exposures may be among factors that impact sex hormones and sexual maturation. Future research should collect data on these factors. Despite all these limitations, this is one of the first studies on the additive effects of race and SES on sex hormones. Another strength was using a national sample, a significant overall sample size, and a relatively large sub-sample of Black adolescents.

4.4.. Policy and Program Implications {#S24}
-------------------------------------

There are some successful policies where educational campaigns \[[@R89]\], mentorships \[[@R90]\], and empowerment \[[@R91]\] and resilience \[[@R92]\] of girls and boys have improved the SES and increased the age of delivery of the first child. In addition, multilevel interventions may generate some hope \[[@R93]\]. Faith-based programs may also have some positive impact. Furthermore, parenting programs may have some effects \[[@R94],[@R95]\]. The ecological approach and upstream interventions that reduce financial difficulties and help improve families' SES may be most effective \[[@R96]\]. Similarly, there is some evidence suggesting that these programs may have some spillover effects, so targeting better sexual decisions may also affect other behaviors such as drug use, and even health \[[@R97]\]. More research is needed to help us select the available public health action measures that we can take, which would be most relevant to improving these inequal situations.

5.. Conclusions {#S25}
===============

Race and SES are jointly correlated with sex hormones in adolescents. How race and SES correlate with sex hormones are not identical for estradiol and testosterone in females and males. Family marital status did not show an association with testosterone in male adolescents or estradiol in female adolescents. However, parental education and financial strain do correlate with sex hormones for male and female adolescents. Social patterning of sex hormones may contribute to the social patterning of early sexual maturation, early puberty, sexual initiation, childbearing, and teen pregnancy. This information may help reduce SES and racial inequalities in youth sexual behaviors and associated outcomes.
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###### 

Descriptive statistics by sex

                               Males            Females   
  ---------------------------- -------- ------- --------- -------
  Race                                                    
  Non-Hispanic White           543      75.7    403       70.0
  Non-Hispanic Black           174      24.3    173       30.0
  Sex                                                     
  Female                       \-       \-      576       100.0
  Male                         717      100.0   \-        \-
  Family Marital Status                                   
  Not Married                  219      30.5    190       33.0
  Married                      498      69.5    386       67.0
                               Mean     SD      Mean      SD
  Age (Months)                 119.14   7.42    118.14    7.32
  Parental Education (1--21)   16.81    2.31    16.73     2.42
  Financial Stress (0--1)      .46      1.08    .62       1.34
  Testosterone (pg/mL)         36.71    19.40   \-        \-
  Estradiol (pg/mL)            \-       \-      39.09     20.42

SF: Standard deviation

###### 

Regression model (Testosterone)

                           Model 1: Did not Adjust For SES   Model 2: Adjusted For SES                                                                                               
  ------------------------ --------------------------------- --------------------------- ------- -------- ------- ------- --------- ------- ------- ------- -------- ------- ------- ---------
  **Age**                  0.13                              0.33                        0.10    0.15     0.52    3.49    .001      0.13    0.33    0.09    0.15     0.52    3.52    \< .001
  **Race (Black)**         0.16                              7.45                        1.66    4.20     10.70   4.50    \< .001   0.08    3.61    1.97    −0.26    7.48    1.83    .067
  **Parents Married**      \-                                \-                          \-      \-       \-      \-      \-        −0.04   −1.58   1.83    −5.17    2.00    −0.87   .387
  **Parental Education**   \-                                \-                          \-      \-       \-      \-      \-        −0.12   −1.01   0.34    −1.68    −0.33   −2.94   .003
  **Financial Strain**     \-                                \-                          \-      \-       \-      \-      \-        0.09    1.57    0.69    0.22     2.92    2.29    .022
  **Intercept**                                              −4.92                       11.46   −27.41   17.58   −0.43   .668              13.48   12.87   −11.78   38.74   1.05    .295

SES: Socioeconomic status; SE: Standard Error; CI: Confidence Interval

###### 

Regression model (outcome= estradiol)

                           Model 1: Did not Adjust For SES   Model 2: Adjusted For SES                                                                                        
  ------------------------ --------------------------------- --------------------------- ------ ------- ------ ------- --------- ------ ------- ------ ------- ------ ------- ---------
  **Age**                  0.15                              0.01                        0.00   0.00    0.02   3.62    \< .001   0.15   0.01    0.00   0.01    0.02   3.75    \< .001
  **Race (Black)**         0.16                              0.18                        0.05   0.09    0.28   3.81    \< .001   0.18   0.21    0.06   0.10    0.33   3.58    \< .001
  **Parents Married**      \-                                \-                          \-     \-      \-     \-      \-        0.01   0.01    0.06   −0.10   0.12   0.22    .827
  **Parental Education**   \-                                \-                          \-     \-      \-     \-      \-        0.10   0.02    0.01   0.00    0.04   2.20    .028
  **Financial Strain**     \-                                \-                          \-     \-      \-     \-      \-        0.09   0.03    0.02   0.00    0.07   1.98    .048
  **Intercept**                                              −0.26                       0.35   −0.95   0.44   −0.72   .469             −0.73   0.41   −1.53   0.07   −1.80   .073

SES: Socioeconomic status; SE: Standard Error; CI: Confidence Interval
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